There was an excess of deaths from cancer of the lung and bronchus (I.C.D. 162, 163) in printing trade workers as a whole compared with the male population ofthe region in which they worked, adjusted for age and calendar year of death. The excess was about 30% in London and about 40% in Manchester. Both these excesses are significant at the 1 % level. In Manchester, but not in London, there was a concentration of excess (about 100%) in machine room men, again significant at the 1% level. White collar workers showed no difference between observed and expected deaths in London and only a small excess (20%, not significant at the 5 % level) in Manchester.
The Registrar General's 1931 Decennial Supplement for England and Wales noted that printing machine minders, printers, and machine rulers showed an excess of deaths from cancer of the lung (16 compared with 10 standard deaths) which was probably significant. In the 1951 Supplement, this group had a normal mortality experience, while deaths of compositors from lung cancer were below expectation. In a study covering many occupations Kennaway and Kennaway (1947) found that certified deaths from lung cancer of printers in England and Wales during the period 1921-38 were 177, the expected number 'Present address: University of Aston.
being and the population of printers about 83 000.
In 1955 Ask-Upmark attempted to relate the increase in lung cancer in Sweden to the growth of newspaper reading. He found more printing workers among the cases of bronchial carcinoma in a clinic in Stockholm than he expected on rather unsubstantial grounds from the number of typographers in the population of Stockholm.
In a prospective study of mortality of several occupational groups, in which an allowance was made for smoking habits as well as for age, Dunn and Weir (1968) reported after five years a marked deficit in the incidence of lung cancer among workers in the printing industry in California, U.S.A., but 2 E. Moss, T. S. Scott, and G. R. C. Atherley after a further two and a half years the deficit was much less marked and no longer statistically significant (30 recorded deaths against 38-6 expected over seven and a half years).
In 1966 the limited information available in two Manchester newspaper companies was examined and it appeared that the numbers of machine room men who had died from lung cancer in both companies were probably greater than would have been expected from the figures for the male population of England and Wales in the same age groups and years as given in the Registrar General's returns.
These reports and findings indicated that a more extensive survey of newspaper printing companies was required. In the investigation here reported the causes of death in the various occupational groups of 16 companies in London and Manchester have been compared with those in the Registrar General's statistics for the areas in which the companies are located.
The survey Eleven London and five Manchester companies supplied, so far as could be done from their records, the name, address, occupation, age, and date of death of all employees and ex-employees known to have died in the years 1952-67. Four companies included some dates of death before 1952, and the dates of death in 1967 were incomplete.
The names of 4 430 male employees who had died were provided by the companies, mostly from Pension Fund records (Table 1 ). This number was reduced to 4 030 by the exclusion of men who died in 1967 and by the removal of duplications and uncertainties and of the names of men whose causes of death could not be traced. Several men were employed by more than one company and some names appeared in up to four lists. All the duplicated entries were identified and the duplications eliminated. The causes of death of 79 men could not be traced (1 9 % of those sought). The lists were possibly incomplete because not all employees were in Pension Funds or on other records but, in view of the inclusive nature of the Pension Funds, this is unlikely to have a marked effect on the data. A further reduction in numbers was made by excluding the deaths before 1952, so that the data could be considered over three quinquennia, 1952-56, 1957-61, and 1962-66. In several of the companies a considerable number of men (372 in all) worked less than four shifts per week and were also excluded. No distinction has been made between day and night shifts, nor has it been possible in this broad survey to ascertain total years of exposure. It is considered likely, however, that most men engaged full-time in the industry have spent much, if not all, of their working life there. The final number of men who had worked four or more shifts per week in the newspaper industry and who died between 1 January 1952 and 31 December 1966 was 3 485; of these, 2 679 worked in London and 806 in Manchester.
The certified causes of death for each man were obtained from the records of the Registrar General. Some death certificates were held elsewhere than in London and further searches were required. Information, usually about retired men, had to be sought as far afield as the United States, Australia, and New Zealand.
The occupations were divided into the five categories given below. The figures in parentheses are the total number of deaths in each category. Printing trade workers 1. Compositors, readers, and foundrymen (760) 2. Machine room men (740) 3. Publishing room men (736) 4. Other manual workers (production and maintenance) (415) White collar workers 5. Office workers and staff (834) The main occupations included in the five job categories are listed in Appendix A. The printing trade jobs were so grouped that the first three categories had each a common or associated environment. Compositors, readers, and foundrymen deal with the production and correction of the type, and the machine room men with the actual printing of the paper. The publishing room men parcel up the newspapers and prepare the bundles for distribution. Category 4 included jobs with more varied working conditions.
The occupation entered on the death certificate was usually that given to the Registrar by relatives and the Registrar General in his returns acknowledges that his sources are inclined to be unreliable. In those cases in which the records disagreed, therefore, the occupation given by the employer was taken as likely to be more accurate.
On the other hand, where there was any discrepancy in the age at death, the age given on the death certificate was preferred. Moreover, the Registrar General uses this age in compiling the overall mortality statistics, with which comparisons have been made. As the number of men who worked in each job, i.e., the population at risk, is not known, mortality rates (the number of deaths from a given cause per 1 000 living in the population) cannot be calculated. It is necessary, therefore, to use proportional mortalities (the number of deaths caused by the disease of interest expressed as a proportion of all deaths). The disadvantage of proportional mortalities is that they are not independent of deaths in the population at risk due to other causes, whereas mortality rates are.
Results
In The differences between white collar workers and printing trade workers in the percentages of deaths from the other four disease groups are relatively small and are not statistically significant.
Deaths from cancer of lung and bronchus The percentages quoted in Table 2 are not corrected for differences in the ages at death or in the calendar dates of death. To take these factors into account it is necessary to calculate expected numbers of deaths in each age group and calendar period. This has been done for deaths from cancer of the lung and bronchus for each job category in 13 of the individual companies. The numbers of deaths in three of the London companies (07 to 09) were too small to be treated separately and have been combined, giving a total of 14 companies or company groups.
The expected numbers of deaths are the numbers of deaths in the job categories in each company which would have occurred if the ratio of deaths from cancer of the lung and bronchus to all deaths, among newspaper workers, had been the same at each age and date of death as that of the whole male population of the region in which they worked. For example, there were 33 deaths from all causes among publishing room men from the London company (01) aged 55 to 64 at death in the five-year period In these calculations it is usual to use five-year age of death ranges, but the Registrar General does not publish data for conurbations which are sufficiently detailed for periods of less than 10 years to be used. The alternative method is to use the data for the whole of England and Wales, which are in five-year periods, and to correct for the standard mortality ratios of all deaths and of lung cancer deaths for the conurbations. The standard mortality ratios for the conurbations are given in the Registrar General's Tables for each calender year from 1963 onwards, but before that are given only for 1950-3 and 1959-63, so that some estimation is required in applying them to the five-year calendar periods The comparison with regional mortality experience was preferred as being more direct, while the above comparisons indicate that it produces very similar results. A cautious approach is necessary when comparing the observed and expected numbers of deaths from lung cancer because it is not certain that the records of deaths are complete and it has not been possible to take account of years of exposure. In addition, the expected numbers are based on proportional mortalities and not on mortality rates so that an apparent excess of deaths from lung cancer might possibly be due to an unusually low number of deaths from other causes rather than to a high number of deaths from lung cancer. It is, therefore, more prudent to take a 1 %0 level of probability (P = 0-01) as indicative of a significant difference and to regard significance at a 5 % level (P = 0 05) as merely suggestive.
The London companies The observed and expected deaths from cancer of the lung and bronchus in 1952-66 for the separate printing trade job groups in the individual London companies are compared in Table 3 . There is nearly always an excess of observed over expected numbers of deaths. Only three of these excesses are significant at the 5 % level (because of the number of comparisons being made, one value beyond the 5 % point might be expected by chance).
If, however, the four printing trade job groups are combined, eight of the nine companies have excesses of observed over expected deaths, two of the excesses (companies 01 and 03) being significant at the 50% level, and one (company 16) at the 1 % level.
When each job category is combined for all nine companies, two of the job categories, publishing room men and other manual workers, show excesses of 36% and 45% respectively, which are significant at the 1 % level.
Combining all printing trade workers in all nine companies, the excess of observed (280) Manchester machine room men The three largest excesses of observed over expected deaths from cancer of the lung and bronchus occurred in the machine room men of three of the Manchester companies, and the machine room men in the other two Manchester companies also have excesses of observed deaths of over 400%. In Table 5 1952-6, 1957-61, 1962-6 . In Table 7 the ratios of observed to expected deaths from cancer of the lung and bronchus for all printing trade workers are compared in each company for which records are available over the whole period 1952-66. There are no consistent differences between the ratios for the three quinquennia. A similar comparison is made in Table 8 for the job groups with differences between observed and expected deaths which are significant at the 50% level. Again there are no consistent differences between the three quinquennia. Physicians, 1971 ).
An analysis of the deaths from bronchitis (I.C.D. 500-502) has been carried out in exactly the same way as the analysis of the deaths from cancer of the lung and bronchus. There were 271 deaths in all from bronchitis, made up as follows: 100-0 The combined classification, bronchitis I.C.D. 500-502, has been used because the Registrar General's mortality statistics for the conurbations, from which the expected numbers of deaths from bronchitis have been calculated, are in this form. More than 90% of the combined deaths are from chronic bronchitis.
In Table 9 the absolute numbers of deaths and the percentage of deaths from bronchitis in each job The white collar workers had lower percentages of deaths from bronchitis than the combined printing trade workers both in the London and in the Manchester companies. Neither of these differences is significant at the 5 % level.
As with the percentages of deaths from cancer of the lung and bronchus quoted in Table 2 , the percentages of deaths from bronchitis in Table 9 are not corrected for differences in the ages at death or in the calendar dates of death.
The London companies In comparing the observed and expected numbers of deaths from bronchitis the same cautious approach is necessary as was adopted with the lung cancer deaths, and as before a 1 % level of probability (P = 001) is taken as indicative of a significant difference. Significance at the 5% level (P = 0-05) is regarded as merely suggestive.
The observed and expected deaths from bronchitis in 1952-66 for the separate printing trade job groups in the individual London companies are compared in Table 10 . Sometimes there is an excess of observed over expected numbers of deaths, but more often there is a deficit. None of the individual differences is significant at the 5 % level. If the four printing trade job groups are combined, eight of the nine companies show deficits of observed compared with expected deaths, and one a slight excess, but none of the differences is significant at the 5% level.
When each job category is combined foi all nine companies, the publishing room men show an excess of 23% which is, however, not statistically significant, and the compositors, readers, and foundrymen show a deficit of 35 % which is significant at the 5 % level.
Combining all printing trade workers in all nine companies, the 8% deficit of observed (163) below expected (177-6) deaths is not significant at the 5% level.
With the white collar workers, one company shows a deficit of observed compared with expected deaths which is significant at the 5 % level; none of the other differences is statistically significant. Combining the white collar workers in the nine companies, the 29% deficit of observed (40) P is quoted only when it falls between the 5 % and 1 % significance levels (P < 0-05) or below the 1 % significance level (P < 0-01).
small excess, which might or might not be occupational. The white collar workers show no excess in the London companies and the small excess in the Manchester companies is not statistically significant. Because of the latent period in the development of lung cancer, excesses of deaths from it found in the newspaper printing trade workers in 1952-66 must be presumed to relate to circumstances which were in existence many years earlier.
In the London companies there is no concentration of excess in any particular job group, but in Manchester the excess is more marked in the machine room men than elsewhere, being 103 % and significant at the 1 level. When this excess in the Manchester machine room men is isolated from the excess assumed to be common to all printing trade workers in Manchester it is 80 % and still significant at the 1 % level. This excess might be due to non-occupational factors, but it seems more likely that the Manchester machine room men encountered some occupational hazard, the nature of which cannot be identified from this survey. Ask-Upmark (1955) attempted to show an association between lung cancer deaths and exposure to printing ink, which is greatest in the machine rooms where ink spray and fly are generated by the rotating rollers of the printing machines (Askew, 1958) .
The excesses in lung cancer deaths in printing trade workers should be compared with excesses which have been found in surveys of other industrial groups in which a hazard of lung cancer has been accepted as proved. Bidstrup and Case (1956) found a 26000 excess in workers in the bichromatesproducing industry; Doll (1958) reported an excess of 400% in nickel-refining workers; Knox, Holmes, Doll, and Hill (1968) found an excess of 900% in asbestos workers who were exposed for 10 or more years before the introduction of the Asbestos Regulations in 1933. A 70% increase in retort house workers in the gas industry was described as 'not large' by Doll and his co-workers (1965). Bidstrup and Case (1956) were able to discount smoking as
